In the present work, the rheological properties in terms of shear stress and viscosity of Kaolin/Polyether-Sulfone (PESf) of varying ratio were investigated by a rotating rheometer. The shear rate of Kaolin/PESf sample was measured at increasing interval shear rate. By assuming that the fluid behaves like a typical Non-newtonian polymeric liquid, the consistency index, K and flow index, n were able to be determined. Thus, the rheology behaviors of the kaolin/PESf suspension could be investigated at a wider range of shear rate. The shear stress was found to increase with increasing shear rate, with the rate of change quite apparent at low shear rate. At higher shear rate, the shear stress increases definitively with the increase of kaolin content. On the other hand, the viscosity decreased at a faster rate initially and slows down to monotonous rate as the shear rate increases. Evidently at increasing shear rate, the viscosity tends to become constant as the deviation become smaller which is also known as zero shear rate viscosity region.
Introduction
Over the decades, membrane filtration has become firmly established as the primary technology for ensuring the purity, safety or efficiency of the treatment of water or effluents. It has played an important role in large areas of expertise ranging from water treatment to industrial gas separation and purification which proves critical in today's global crisis. Hollow fiber membrane have gained popularity over the years due to its high surface area to volume ratio which provides the ability to achieve a given separation while occupying a much smaller space.
Typically, there are two types of membrane material available; Organic membrane which usually made up of polymers such as polyethersulfone (PES) or polyvinylidene (PVDF), and inorganic membrane which is of ceramic. Ceramic membrane offers a few advantages as oppose to organic membranes such as; (1) Doesn't absorb water (2) Thermally stable (3) Chemically resistant (4) Wear resistant [1] . Unfortunately, ceramic membrane is generally more expensive compared to their organic counterpart. [2] Example of such ceramics are as follow; α-alumina, γ-alumina, zirconia, titania and silica were used in developing inorganic membrane. [3,] In an effort to find alternative cheaper ceramic membrane, Kaolin has been used as the main ingredient of the spinning suspension [4] .
In preparing hollow fiber membrane, spinning technique is used to produce hollow fiber membrane [5] . One of the observed characteristics in the spinning process is the spinning stability and the distortion mechanism. The proposed mechanisms of extrudate distortion implicate one or more of the following parameters [6] : (1) Fracture; (2) Reynolds turbulence; (3) thermal effects; (4) die entry and exit effects; (5) rheological effects; and (6) slip at the die wall. As a rule of thumb, most researchers agree that the distortions of polymer extrudate most likely appear when the recoverable shear, which is defined as the ratio of the die wall shear stress to the elastic shear modulus, reaches a critical value of 1-10 [11] . Therefore, any effort to reduce or completely eliminate the distortions in the polymer flow must take into consideration some major parameters when spinning hollow fibers from a polymer solution, which is:(1) spinneret designs; (2) dope solution flow rate and rheology; (3) spinning temperature; (4) air gap distance; and (5) take-up speed. The extrudate flow behavior was not governed only by technical parameters as it is also influenced by the material characteristic used as demonstrated by researchers [7] .
As discussed, one of the factors affecting the distortions of the spinning suspension is the rheology characteristic. The rheology of the suspension is best described by viscosity and shear stress. Shear stress developed when a fluid is in motion. When a viscous polymer solution is extruded thru the small size annulus of a spinneret, it will subject to shear stress even though the traversing time of a polymeric dope solution is normally short as it involves only a few millimeters only in the annulus. Other researchers have investigated and ascertained that the presence of flow induces shear stress affect the rheological behavior to a certain degree [8, 9] . The particles of the fluid move relative to each other in a typical spinneret so that they have different velocities, causing the original shape of the fluid become distorted [10] . To understand the behavior of the suspension especially during the spinning process, the rheological properties of the suspension at different material ratio and shear rate need to be studied. In the present work, parallel disk method will be used.
Experimental
Materials. In this study, Kaolin powders were used as the primary material for the suspension. The powder was weighted, sieved on a fine mesh to remove any unwanted solids allowing easier dispersion, then let to dry in a desiccator. Polyethersulfone (PESf) pellet which will act as a binder were dried in an oven at 60 o C for 4 hours to ensure complete removal of water. The solvent used in this study is the N-methyl-2-pyrrolidone (NMP, 99% extra pure) as it is. All material were purchased form Sigma Aldrich.
Several sample combinations between the Kaolin powder, binder and solvent were proposed as shown in table 1 to study the rheology behavior and the effect of kaolin content. PESf and NMP were prepared in fixed amounts of 27 g and 150.75 g while the Kaolin contents were varied up to a ratio of 2 as shown in Table 1 . Moreover, a pure PESf dissolve in NMP solvent served as a control sample for comparison purpose. Preparation of Kaolin-PES suspension. The solvent was first transferred into the 250 ml blue cap bottle and heated to 60 o C. Then, the polymer in pellet form was slowly added into the bottle slowly at a time interval of approximately 15 minutes to avoid agglomeration. After the polymer pellet fully dissolved, kaolin powder previously weighted to designate amount is transferred into the bottle slowly. A mechanical stirrer is used to aid the mixing process while the ceramic powder being added slowly. Then, the mixed Kaolin suspension is brought to a roller machine and continuously rolled for 48 hours to ensure homogeneous suspension.
Rheological Measurements. The viscosity measurement are done by using a rotational viscometer; Brookfield's Programmable HADV-IV + Rheometer coupled with a small sample adapter number 5. Since that the size of the sample adapter is small and the viscosity range is quite limited, shear rate variance for each sample is different but sufficient to identify rheology behaviour of suspension. A 20 ml sample is transferred into the small sample chamber and fixed onto the rheometer. Then, the rheometer spindle is rotated at smaller speed and increased periodically at different rpm (sample dependant) until the torque reads more then 90%. The settling time for each measurement taken was set at 40 second to allow sufficient stability of suspension.
Result and Discussion
Generally, the viscosities of the spinning suspension are polymeric liquid (Non-Newtonian) in nature due to the polymer binders. They were further affected by particle size distribution, particle shape, volume fraction of solids and interparticle forces [9] . In this work, it can be safely assume that the suspension obey the power law model commonly associated with the polymeric fluid behaviour. A power law model is normally presented with Eq. 1.
=
(1)
With τ = shear rate, K = consistency factor, gamma ϒ = shear rate and, n = flow index. The consistency factor and flow index can be determined using a log-log graph and the value of constants calculated are listed in table 2. 
(2)
Effect of Kaolin content on shear stress and viscosity
Shear stress as a function of shear rate for Kaolin Suspension at different Kaolin/PESf ratio are as shown in Fig. 1 . Generally, Kaolin suspension shows initial exponential increase before exhibiting monotonous behavior in the shear stress with increasing shear rate. Such behavior is typical of pseudo-plastic behavior of a polymeric material. An almost linear relation was observed for the pure PESf sample with only slight exponential growth at slow shear rate. The deviation of shear stress between different kaolin ratios at low shear rate was not apparent. However, at shear rate greater then 40 s -1 , sample 4 (Kaolin/PESf: 2.0) which have higher kaolin content shows greater divergent as it shear stress increases with shear rate. On the other hand, a relatively low deviation and parallel increment of shear stress between samples 1 thru 3 was observed. Obviously, the increases of kaolin content in the suspension effect the shear stress development with shear rate increment. More over, higher ratio of kaolin content deviates greatly from smaller ratio kaolin content at high shear rate condition.
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Advances in Mechanical, Materials and Manufacturing Engineering where the viscosity shows monotonous decreased as the shear rate increases. However, PESf solution (Sample 1) shows only slight decrease in viscosity values, which is almost Newtonian. A Newtonian liquid will show a constant viscosity at different shear rate. A similar trend to shear stress behavior is observed again here, higher kaolin content translates to increase in viscosity measurement at different shear rate.
Data obtain from the viscosity measurement of the kaolin solution shows that the viscosity curves of the kaolin suspension tends to flatten at higher shear rate. Several researchers that have investigated such similar liquid behavior characterized the liquid region as zero shear rate viscosities. As the shear rate increases, the suspension exhibits shear thinning behavior. At higher shear rate, the suspension exhibits flatten viscosity again otherwise known as infinite shear rate viscosity. The flatten viscosity measurement high shear rate region shows almost Newtonian like behavior where the power law model fails to apply efficiently [11] 
Figure 2. Viscosity vs Shear Rate

Conclusions
In this study, the rheological properties in term of rheology properties (constants, shear stress and viscosity) for Kaolin-PESf suspension with various kaolin ratios were investigated by using a rotational viscometer. The content ratio of the kaolin was varied from 1 to 2 while a pure PESf solution was prepared as a control sample. Generally, the shear stress was found to increase with increasing shear rate, with the rate of change quite apparent at low shear rate. At higher shear rate, the shear stress increases definitively with the increase of kaolin content. Interestingly, a linear increase of kaolin ratio does not translate to a linear increase of shear rates but rather deviates exponentially at high shear rates. Similar behavior was also observed with the viscosity characteristic at different shear rates and kaolin content. The viscosity decreased at a faster rate initially and slows down to monotonous rate as the shear rate increases. Evidently at increasing shear rate, the viscosity tends to become constant as the deviation become smaller which is also known as zero shear rate viscosity region.
